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Abstract

This article examines the problem of the effect of particles on a wedge. The structure of shock waves of a two-Phase Current is
studied and the trajectory of particles is determined after the impact.

A flow model around a thin profile is proposed by a two-phase medium, taking into account the effect of reflecting
particles from a solid surface. The problem is solved in a linear formula under different assumptions. Calculations are made for the
initial parameters, and the results are presented graphically.

Keywords: supersonic current, barotronic medium, solid particle, elastic effect on the surface, nozzles, gas-dust environment,
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Access.
The problem of supersonic flow around the profile by the barotropic medium with solid particles is of practical
importance when calculating the reactive parameters flowing from the supersonic nozzle, the flight of bodies in the
gas-dust environment, etc., taking into account their elastic collision with the profile surface. The authors [1.2]
considered the problem of the effect of particles on a wedge of not very large size. They studied the structure of the
shock waves of a two-phase current and determined the trajectory of the particles before hitting the wedge, thereby
not taking into account the reflective effect of the particles after the impact.

In this article, we propose a model for a thin profile flow by a two-phase medium, taking into account the
effect of reflecting particles from the profile surface, and in addition, we will solve some problems. it is occupied by
friction between particles and phases in a linear formula with various assumptions about size.

The main part.

Allow the two-phase current to flow around the thin profile. In this case, the limit condition imposed on the gas rate
does not differ from the ideal Continuous Ambient Flow State, that is, for the gas rate, the flow state on the profile
surface is satisfied. For particle speeds, such a boundary condition is not met, since it has a normal component for a
solid surface, and the flow of particles is not provided by their reflection. The second phenomenon is reflected, that
is, it serves as the basis for the appearance of the third current. In this case, a three-speed field of movement appears
next to the body, lies between the body and the shock wave and is limited by a line (dividing line) slightly from the
two-speed flow area. The geometric shape of the dividing line depends on many factors, for example, the nature of
the particles and the surface of the body, the accepted model of movement, the law of reflection of particles, etc. [3]
based on, we will only consider the law of specular reflection of particles from a solid surface.

Methodology.

Let the angle of inclination of the pona B, be given and it is required to determine the phase separation curve, that is,
the current line of the particle reflected from the leading edge of the pona.Consider the case when the volume of
carbon occupied by particles is small compared to one. At the same time, we assume that the effect of particles on gas
pressure and the friction between the phenomenon and the reflected particles in the three-speed current region can be
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neglected. Then, based on the linear theory of wedge flow [4], the gas velocity field is known and the gas velocity
potential of the words is expressed by formula ¢,

UoB
P1(xy) = — Ou = (x — ny) (1.1)
where p2 = M? — 1; M = U, /a; U, — is the initial speed of a two - phase Medium; a is the speed of sound

in a gas.
The only force acting on the particles is the friction force between the phases. Therefore, once the equation
is linear, the movement of incoming and reflected particles takes shape:

du, k dv, Kk

Uy e g(lh —uy), Uog = 0 (vy —v2); (1.2)
du; k dvs Kk

Uog = g(lh —u3), Uy T 0 (vi —v3). (1.3)

In addition p, = p,;(1 —vy); p2; — the actual density of the particle; y,— the volumetric concentration of
the gas in the unit of volume; the coefficient of interaction of the phases determined by | — Stokes; uy, vq, Uy, v,, UzH V3
- the components of the speed of the reflected flow Although (1.2) and (1.3) are formally identical, their boundary
conditions are completely different. If we enter the speed potential ¢, into the equations (1.2) and multiply the first
by dx and the second by dy, then after assembling them we get an equation at full differentials.The Integral of this
equation contains an arbitrary constant equal to zero from Infinite conditions.

So the equations (1.2) and (1.3) will be:

@2 — (@ — @) =0, @33 —al@; —@3) =0 (1.4)
where a = KKPZ; p, IS determined by the formula (1.1).Note that the (1.4) system is equal to (1.2) and (1.3)
systems.
The boundary conditions are as follows:
@, =0 to x—uy =0, (1.5)
P3y = UpBx) to y = f(x), (1.6)
2UoBo = @2y + 3y to y =0, (1.7)

Where y = f(x) — is the equation; B(x) — is the angle of inclination of the Section line. (1.7) the condition
is the law of reflection of particles from the surface of the wedge (the angle of incidence is equal to the angle of
reflection). Let's say a section line is also a straight line with an unknown angle of inclination 8, which is determined
later (1.7) from the condition. Then (1.6) is written:

3y =UpB to y=p-x (1.8)
Solutions that satisfy (1.5) and (1.8), equations (1.4) are obtained in the form of squares, that is
U

P2(x,y) = (‘;E" [1-a G- py) —exp(-alx—py))] (19

§)
0305) = =2 [E2-4 58 — )] - exp(-a) +

U

+7°{B—lf [1 G~ uy)] + BB~ Bo)exp (~ 5 (B-x - ) 10

After receiving (1.10), the condition @5, = 0 for x =y = 0 is also satisfied. Replacing (1.9) , (1.10) and
(1.7), it is easy to determine that B = 23,.

In the same way, solving the inverse problem, we get similar results, since here the Section line is fixed in
the form of a straight line, and the surface of the simplified body is searched for.

From this we can conclude that if the volume occupied by the particles is insignificant, then when the particles
of a two-phase current hit the wedge, the dividing line (the flow line of particles reflected from the leading edge) will
also be correct with an angle of inclination twice the angle of the wedge half-solution(See Photo).
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Ini of Section 1; Profile Surface; 2 — small and 3-with a significant concentration of particles.

8§ 2. Some studies on the winding of bodies with a two-phase particle medium with a large concentration of
particles

Discussions.

If the current has a lot of solid particles, then the interaction of phases must be taken into account. In the general
formula, it is difficult to solve this problem without using numerical methods. Therefore, it is proposed to solve a
special case in which the effect of the reflected current on the flow of a two-phase medium is neglected. In this case,
the Section line is only the reflected flow line, that is, the third stream. In the work [5], based on [3], the equations of
the two-phase medium are given in simple form, in which case they have the form:

P2 K M?
VO[(MZ - 1)(plxx - (plyy] - _((prx + (pZyy) TN ((pr + (pZy) (2.1)
P2i Us po
P2 K
—P10P1x — YoP2P2x = _U_(§01 - ®3) (2.2)
P2i 0

Where ¢, = ’;ﬂ, the remaining characters are the same as §1.
0

Obviously, equations (2.1) and (2.2) are valid in areas | and Il (See Figure). The equation of the third flow
motion after linearization and transformation, as in §1, is as follows:
P3x + aps = apy(x,y) (2.3)
Writing (2.3) did not take into account the direct action of solid particles of incoming flow and the effect of
gas through the pressure gradient [6] of the unreflected flow. Consider the flow of bodies with a two-phase current in
the reverse setting, that is, we consider that a section line with a constant angle of inclination § is given, and determine
the surface area of the simplified profile.To solve this problem, we write the boundary conditions:

$1y = UpPi(x) to y =0, (2.4)
P3y = UB to y=pf"x, (2.5)
2UpBy1(x) = Py T P2y to y= 0. (2.6)
In addition to,
01=¢0, =0 to x—uy=0, 03, =0 to x=y=0 (2.7)

Where B, (x) — is the angle of the thin profile. Referring to systems (2.1) and (2.2), The Laplace Transform [7] taking
into account the variable x and the condition (2.4), the formulas for the speed potentials ¢, and ¢, are not given here.
From the formula for ¢, we have y = 0

02y = Uo [%ﬁl(x) vy (1= 22 exploarn) [ () exp(ern) dr] 28)

/
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where a; = a/y,; p, - is the actual density of the gas. Equation (2.3) provides a solution taking into account
(2.5) and (2.7)

Uo®

@3(x,y) = — ~exp(—ax) +

y

( x
U, 2
+i (f - exp (% - y) - af P1y - exp(ax) dx] , dY} exp (—ax) +
0

0 x=2

X
+a - exp(—ax) - f @1 (x,y) -exp(2x) dx (2.9)
0
Therefore, differentiating with y, we have y = 0

¥3y = Uy

B+ a f By () - exp(ae) drl exp(—ax) (2.10)

Replace (2.8) and (2.10) to (2.6), smelly

(2 — ‘5—0) B1(x) = B -exp(—ax) + a - exp(ax) f By () - exp(at) dt +
2i
0

X
+a, <1 - &> cexp(—aqyx) - j B1(t) - exp(a,7) dr. (2.11)
2i
0
Next, applying the Laplace conversion [7] and moving to the original, from (2.11) we get this
B
Pr(x) = ——F———~"
Po
1+ -
Yo ( PZi)
(1—y0)( —%) a1+a(1—%)
11— 5 _p_O exp —2_—& . (212)
P2i P2i
If 5—0 « 1, then from (2.12) we have
2i
B 1 -y, a +a )]
= — - ; 2.1
fuG) = |t e () @1y

Obviously, Z—i = B, (x). Therefore, the inclusion of dimensionless variables

combining = x = x;, “Ly = y; and (2.13), we find the profile surface equation as follows
B 1-y
e LR R (2.14)
Conclusions.
Now, using (2.13) and (2.14), it is possible to obtain the calculated formulas of the speed field and the pressure in the

squares.

Thus, a simplified profile surface with a two-phase medium with a significant concentration of solid particles,
taking into account their mirror reflection, is a curve slightly bent in relation to the current, in contrast to the results
of §l. with an increase in x,, the three-speed Region Il gradually narrows.

According to the above method,calculations are made for the initial parameters B = 118 M=2v,=09
and the results are graphically given (see Figure).
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